Some 101 fur seals Arctocephalus spp. and five southern elephant seals Mirounga leonina were recorded entangled in anthropogenic debris over ten years at Marion Island, Southern Ocean. Approximately 67% of materials causing entanglement originated in the fishing industry. Polypropylene packaging straps were the most common entangling material, followed by trawl netting. Longline hooks embedded in animals, fishing line and portions of plastic were only encountered after the inception in 1996 of longline fishing in the waters around Marion Island. The incidence of entanglement of Arctocephalus spp. during the 1996-2001 longline fisheries period increased by more than 50% over that of the 1991-1996 pre-longline fisheries period. An estimated 0.24% of the populations of fur seals were entangled. The numbers of entangled M. leonina are very low. Longline fishing has had a direct, albeit small, impact on the pinniped populations
INDIVIDUALS from most species of pinnipeds have been recorded entangled in anthropogenic debris (Feldkamp 1985; Fowler 1987; Laist 1987; Pemberton et al. 1992; Shaughnessy 1980; Wehle and Coleman 1983) . The relatively isolated populations of the Southern Ocean are also not exempt (Bonner and McCann 1982; Croxall et al. 1990; Slater 1991) . Entanglement may have serious implications for individual marine mammals, often resulting in injuries and/or restriction of movement. Death may result from drowning, strangulation, the severing of carotid arteries or the oesophagus, infection, an inability to evade predators or starvation due to an inability to catch prey (Feldkamp 1985; Fowler 1987; Pemberton et al. 1992) . Even after removal, the wounds caused by entangling materials may continue to weaken the animal or allow further infection (Hiruki et al. 1993b; Pemberton et al. 1992) . In addition to individual suffering and death, entanglement-related mortality may impact on rates of population change (Hoffman 1990; Harcourt et al. 1994) .
Marion Island (46º 54' S, 37º 45' E) is one of two islands in the Prince Edward Islands group, an isolated archipelago lying in the Southern Ocean. It supports breeding populations of three species of pinnipeds; subantarctic fur seals Arctocephalus tropicalis, Antarctic fur seals A. gazella, and southern elephant seals Mirounga leonina. Legal and illegal exploitation of Patagonian toothfish Dissostichus eleginoides stocks by longline vessels began in the waters around the Prince Edward Islands in 1996. Due to a deterioration of this stock this decreased considerably in 2000. The impact of the toothfish fisheries on birdlife at the islands has been reported by Nel and Nel (1999) and Ryan and Purves (1998) . The impact of this industry on pinniped populations is assessed in this paper.
METHODS
Sightings of entangled pinnipeds were recorded over ten years from mid-April 1991 to mid-April 2001. Most sightings were recorded by observers engaged in another programme during which some 54.9% of the island's coastline (the Extended Study Area) was searched every 7 -10 days (Fig. 1) . All other observations of entangled pinnipeds, both outside the Extended Study Area, and outside of regular censuses, were also noted. The sighting effort remained approximately constant during the period of the study. The following data were recorded for each sighting; date, site, species, age, sex, entangling material and severity of entanglement. Age classes were defined following Bester (1977 Bester ( , 1981 . Classes of severity of entanglement were defined following Croxall et al. (1990) , but using an additional category; animal dead, possibly due to entanglement. Where resights of entangled animals could be identified by a combination of features including appearance of the animal, appearance of entangling material, exact haul-out location and time elapsed since last sighting, this was noted. In all cases attempts were also made to remove the entangling material. Entangled animals that could not be identified as one of those previously sighted, were assumed to be previously unrecorded entangled individuals.
Rates of entanglement for fur seals were estimated following Method 2 of Hofmeyr and Bester (2002) . For this the mean annual number of entanglements sighted in the Extended Study Area was taken as a portion of the total population of both species of fur seals of this area. This population was calculated from the pup production of the Extended Study Area for the 1994-1995 summer, taken from Hofmeyr et al. (1997) . An entanglement rate was also determined from the proportion entangled animals formed, of all animals, older than a year, counted on the island and in the surf zone during December 1994.
RESULTS
Individuals of all three species of pinnipeds hauling out to breed on Marion Island were recorded entangled in anthropogenic debris. Of the 108 animals recorded entangled over the ten years of the study, the majority were A. tropicalis (82.1%), while 13.2% were A. gazella and five individuals (4.7%) were M. leonina. A. gazella comprised some 28% of entangled animals (11 individuals) during the first five years of the study, but only 4.5% during the subsequent five years (three individuals). The proportion of entangled M. leonina was some 2.6% during the first period, but 6% during the second period.
Types of entangling anthropogenic debris
Polypropylene packaging straps formed the majority of identified entangling material during the 1991-1996 period (46%, n = 17) and the 1996-2001 period (36%, n = 20). Other items forming more than 10% of entangling materials in both periods were trawl netting (n = 18), rope (n = 12) and string (n = 12) (Fig. 2) . Pieces of elastic strap and cloth strip were found in small quantities. Hooks and fishing line were only found entangling seals during the second half of the study where they formed 14.3% (n = 8) of the total. The hooks were identified as being of the type used by the long-line industry (D. Nel, pers. comm.) . Also found only during the second half of the study were plastic bags and sections of plastic, which formed 5.4% (n = 3) of the total.
Annual numbers and rates of entanglement
The annual numbers of entangled fur seals increased gradually from five in 1991-1992 to 13 in 1996-1997 . From 1996 the annual number showed no increasing trend with a maximum of 17 being recorded in 1998-1999 and a minimum of 6 being recorded in 1999-2000 (Fig. 3) . The mean annual number of entangled fur seals recorded in the Extended Study Area during the first five years (1991) (1992) (1993) (1994) (1995) (1996) was 7.0. This had increased to 11.4 during the second period. The entanglement rate for the period prior to mid-April 1996 was 0.15%. For the three years subsequent to this it was 0.24%.
The December 1994 count of all fur seals older than a year on Marion Island recorded only two entangled animals amongst 14,718. This represents an entanglement rate of 0.014%.
Only one entangled M. leonina was recorded prior to the inception of the longline industry (1996) . Four were recorded subsequent to this.
DISCUSSION

Origin of entangling anthropogenic debris
While the exact origin of the materials observed on pinnipeds is unknown, at least 28% of those associated with fur seals and 50% associated with M. leonina come from the fishing industry (trawl netting, fishing line and longline hooks). Should the polypropylene packaging straps be from bait-boxes (Croxall et al. 1990; Pemberton et al. 1992 ) then some 67% of the materials associated with both species of fur seals and all associated with M. leonina N N 5 km Fig. 2 . Frequencies of different types of marine debris entangling fur seals Arctocephalus spp. recorded on Marion Island over two periods (1991-1996 and 1996-2001) . PPS indicates polypropylene packaging strap, net indicates fishing net, hooks indicates longline hooks, line indicates fishing line, elastic indicates elastic strap and cloth indicates cloth strip. will have originated with the fishing industry. The percentage of materials of fisheries origin is very similar for the two periods (67.6% for 1991-1996 and 67.9% for 1996-2001) . No materials associated with longline fisheries were found during the first period. These first appeared during the second period as embedded hooks and collars of fishing line. Collars of plastic bags or plastic sheeting also only appeared after the inception of the fishing industry. It is possible that these ensnare seals close to the island. They are less likely to survive a trip to the island from a more distant source, being a more fragile material than other anthropogenic debris. Apart from a small increase in frequency, there is little change in the numbers of other materials between the 2 periods.
The preponderance of articles of fisheries origin as entanglement materials for the fur seal population at Marion Island is similar to that encountered for another populations of fur seals in the Southern Ocean. Some 71% of summer sightings of entangled A. gazella at Bird Island, South Georgia were caught in either polypropylene packaging straps or sections of fishing net (Arnould and Croxall 1995) . While the relative isolation of Southern Ocean fur seal haulouts protects them from most marine debris, these animals 
Assessing rates of entanglement
The method used to estimate rates of entanglement for all fur seals are possibly an overestimate. The Extended Study Area is responsible for only 16.7% of the Islands' pup production (Hofmeyr et al. 1997) and is not a closed population. In addition, fur seals also breed on the neighbouring Prince Edward Island (Wilkinson and Bester 1990 Arnould and Croxall (1995) considered only the Bird Island colony, which is part of a very much larger population. It is quite possible that many of the entangled animals sighted at Bird Island come from other colonies. As is the case on Marion Island, the most frequently recorded age group of entangled animals are the less site-loyal immatures.
The December 1994 estimate of entanglement rates is an order of magnitude less than that detected for the Extended Study Area for 1991-1996. It is almost certainly an undercount considering the difficulty in identifying entangled seals in congested colonies and in the inshore surf zone.
As almost all M. leonina hauling out on Marion Island did so in the Extended Study Area, and all seals of this species ashore in this area were examined (for tags) every 7 -10 days it is unlikely that any entangled individuals were missed. In fact most entangled M. leonina were observed more than once, one (identified by tag number) being seen on at least 12 occasions.
Changes in the rates of entanglement
The numbers of entangled M. leonina were too low to accurately determine rates of entanglement. The increase from only one incidence in the first five years to four in the subsequent period does, however, indicate an increase in entanglement subsequent to the inception of the longline fishing industry.
The estimated rate of entanglement of 0.24% for all fur seals for the latter half of the study represents an increase of more than 50% over that of the prior period. These results are similar to those for seabird populations at the Prince Edward Islands (Nel and Nel 1999) . These data indicate that the impact of the longline fisheries on populations of animals in this area is largely negative. The data do, however, also indicate a gradual increase in incidences of entanglement of fur seals before 1996. It is possible, though, that this is due to illegal fishing in the waters around the Prince Edward Islands prior to the legal onset of fishing in this year.
The impact of entanglement
While the entanglement of pinnipeds at Marion Island undoubtedly causes considerable individual suffering, it does not appear to be sufficiently pervasive to affect the size of the various populations. The populations of both species of fur seals have experienced increases in recent years (Hofmeyr et al. 1997; MRI, unpubl. data) despite increases in levels of entanglement.
Although the Marion Island population of M. leonina has experienced an unexplained decline since the 1950's (Bester and Wilkinson 1994) , the low number of animals of this species recorded entangled appears to preclude marine debris as a factor in the decline. It would also be expected that, were the levels of entanglement of the M. leonina population at the Marion Island high enough to be cause for concern, more animals in the preliminary stages of entanglement would be seen. Given the thoroughness of the search for seals of this species, it is unlikely that many of these animals remain unrecorded. In addition the Marion Island M. leonina population appears to have stabilised in recent years (Pistorius et al. 1999) despite the activities of the longline fishery.
The recorded rate of entanglement of fur seals at Marion Island of 0.24%, is higher than that recorded for Cape fur seals A. pusillus pusillus (0.1%) by Shaughnessy (1980) . The latter study, however, dates from a much earlier period and changes in fisheries activities may have caused an increase in the levels of entanglement of A. p. pusillus. Higher rates of entanglement have been recorded for both the northern fur seal Callorhinus ursinus population of the Pribilof Islands, Alaska (Fowler 1987) , and the A. gazella population of South Georgia (Arnould and Croxall 1995) (0.4% in both cases). While the mortality associated with the entanglement of the C. ursinus population was thought to be a major cause of the decline in numbers of this species (Fowler 1987) , this has since been questioned (York and Kozloff 1987) . These rates of entanglement are, however, far lower than those of other populations of pinnipeds. The Australian fur seal A. pusillus doriferus suffers entanglement rates of 1.9% (Pemberton et al. 1992) , while the Californian sea lion Zalophus californianus population of Baja California Sur, Mexico suffers entanglement rates of 3.9 -7.9% (Harcourt et al. 1994) . The effects of these relatively high rates are unreported.
It is, of course, unknown how close perceived rates of entanglement are to the true values, and also to the rates of mortality consequent on entanglement. The majority of cases of entanglement at Marion Island are likely to lead to death unless the entangling material is removed. In only 9% of cases reported on in this study were the entanglements either loose enough, or weak enough, to possibly come off of their own accord. In addition, the percentage of entangled animals that die at sea before being recorded is unknown. Despite these factors, perceived entanglement rates are still useful as relative values. The increase in rates of entanglement at Marion Island is therefore cause for concern. Fortunately, for the pinniped populations at this site, the stocks of D. eleginoides in the waters around the island appear to have declined in the last two years (Brandão et al. submitted) resulting in an associated reduction of fishing activity in the area.
